Abstract-Effects of D 600, papaverine and KCN on sustained contracture induced by 20 mM KCI in a Nat-free sucrose or Iris-substituted solution were investigated in the taenia coil of guinea pigs. D 600 (10-5 M) and papaverine (10-4 M), added after 40 min incubation in the 20 mM KCI sucrose solution, relaxed the muscle by 88.2±8.0% (mean±S.E., n=4) and 78.8±6.3% (n=4), respectively. In contrast to this, KCN (10-3 M) relaxed the muscle by 11.0±4.7% (n=4) after a 20 min incubation in the sucrose solution. The concentration-relaxation curves for these relaxants were slightly shifted to the right in the Na+-free 20 mM KCI Tris solution. The cellular Na+ content of the taenia coil was greatly reduced by exposure to the sucrose or Tris solution, while the Ca2+ contents in both solutions were gradually increased with the exposure time. When a glucose-free solution was applied 60 min after the KCI-induced sustained contracture, gradual relaxation in the normal solution was observed. This relaxation was completely inhibited in the Na+-free sucrose solution. These results suggest that the relaxing activities of the different inhibitors are changed to different degrees by the replacement of Na' with sucrose in the guinea-pig taenia coil and that sustained KCI-contracture in a Na+-free sucrose solution may be less energy-dependent as compared with that in a Na+-free Tris medium. These results also indicate the inability to directly correlate the changes in the Ca2+ and Na+ contents with the greatly reduced activities of the relaxants in a Nat-free sucrose solution.
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It is well-known that Na+ withdrawal from the external environment has marked in fluences on resting tone and contractile and relaxing responses of various types of smooth muscle to agonists or antagonists (1, 2) . In addition, there are several papers suggesting that Na+ removal modifies the activities of some smooth muscle relaxants (3-7). These papers suggest that lowering Na+ concen tration in an external medium may affect the movements of activator Ca2+ in different types of smooth muscle.
It has been shown that a high concen tration of KCI induces sustained contraction of smooth muscle in the absence of external Na+ (7, 8) . In the present study, we explored the effects of Na+-free, sucrose or Tris 
Materials and Methods
Strips of taenia coil were dissected from the caecum of male guinea pigs weighing 300 to 500 g. The strip was mounted in a 10 ml organ bath filled with Locke-Ringer solution (normal solution) composed of 154 mM NaCI, 5.6 mM KCI, 2.2 mM CaCl2, 2.1 MM MgCl2, 5.9 MM NaHCO3 and 2.8 mM glucose (pH 7.8). The bath solution was kept at 32°C and con tinuously bubbled with air. The mechanical response of the muscle was recorded via an isotonic transducer (ME Commercial Co., Ltd., Tokyo). Before starting the experiments, the muscle strip was equilibrated for 30 min under loading with 1 g and then repeatedly treated with hypertonic 20 mM KCI for 5-7 min at intervals of 1 5 min until the contractile response of the tissue became constant. In the present experiments, two kinds of Na+ free Locke-Ringer solutions were used, which were prepared by replacing NaCI in a normal solution with isosmotic sucrose (sucrose solution)
or equimolar Tris (Tris solution). Equimolar amounts of KHCO3 were substi tuted for NaHCO3 in the Nat-free media and KCI was omitted from their composition. The pH of the solutions was adjusted to 7.8. In some experiments, a glucose-free solution containing 20 mM KCI was also employed.
"Quick -release" experiments were per formed to assess the intensity of the active state (8, 9) . Quick release was carried out by releasing the taenia coli attached to a manipu lator via a stainless steel tube at the lower end of the muscle. The resting and the "released" lengths of the muscle were determined by means of a micrometer. The tissue was con tracted by 20 mM KCI in a normal or sucrose solution for 80 min and then the muscle length was rapidly reduced by 4% by hand manipu lation. Isometric contraction of the muscle was recorded with a resting tension of 1 g.
In order to determine the relaxant activity of D 600, papaverine or KCN, the drug was applied cumulatively or in a single dose to the taenia coli precontracted by 20 mM KCI in a normal or Nat-free solution for a selected time. Relaxations induced by these smooth muscle relaxants were expressed as percent age decrease of the 20 mM KCI-induced con traction.
Cellular Na+ and Ca2+ contents were deter mined by a method basically similar to that of Shimizu et al. (10) . A strip of taenia coli was exposed to a normal or Nat-free solution containing 20 mM KCI for a given time. The tissue was then rinsed in an ice-cold La3+ solution (226.2 mM sucrose, 1.0 mM LaC13 and 10.0 mM Tris-HCI, pH 7.8) for 30 min. After the tissue was blotted with ashless filter paper (Whatman No. 41), it was quickly weighed, dried in a quartz tube and then ashed with 0.5 ml of a mixture (1 :1) of HNO3 (61%) and HCIO4 (60%) for 6 hr at 200°C. The ashed sample was then dissolved in a 0.01 N HCI solution. The Na+ or Ca2+ con centration of the diluted sample was measured by atomic absorption spectrophotometry (AA 620, Shimadzu Co., Kyoto) and expressed as mmol/kg wet wt.
Statistical evaluations were made using Student's t-test. Values are expressed as the mean+S. E.
Drugs and chemicals used were obtained from the following sources: D 600 hydro chloride (Knoll AG, Rhein), papaverine hy drochloride (Sigma Chemical Co., Missouri) and KCN (Wako Pure Chemical Industries, Ltd., Osaka).
Results
Effects of Na+ removal on responses to smooth muscle relaxants: Figure 1 shows concentration-relaxation curves for D 600, papaverine and KCN in the guinea-pig taenia coli precontracted by replacing the incubation medium with a normal, Tris or sucrose solution containing 20 mM KCI. The tissue in a Na+ free Tris or sucrose solution remained con tracted at least 3 hr under our experimental conditions.
The smooth muscle relaxants were added at 60 min after the addition of the 20 mM KCI-containing solution. In the normal solution, all three agents caused relaxation in a dose-dependent manner, and the maximal doses decreased the muscle tone below the resting levels. In the Nat-free solutions, relaxant activities of all the inhibitors were reduced. In the Tris solution, the concentra tion-relaxation curves for D 600, papaverine and KCN were slightly shifted to the right with no significant depression of the maxi mum relaxing responses except the curve for D 600 (Fig. I) . In the sucrose solution, the concentration-response curves for D 600 and papaverine were remarkably shifted to the right and upward, and the relaxing effect of KCN was almost completely abolished ( Fig.  1 C) .
Time courses of relaxing effects of D 600, papaverine and KCN in Na '-free sucrose solution: The relationship between the incu were approximately 88% and 79%, respectively ( Fig. 2A, B) . The relaxation induced by papaverine, added at 40 min of Nat-free incubation, was reduced to a greater extent than that at 20 min (P<0.05). On the other hand, KCN-induced relaxation was greatly reduced to 11 % after a 20 min incubation in the sucrose solution containing 20 mM KCI (Fig. 2C) . After an 80 min ex posure to the KCI-containing sucrose media, relaxations by these three drugs were almost or completely diminished, while the relaxing effects of these agents were little influenced in the normal and Tris solutions containing 20 mM KCI (Fig. 2) .
Effects of Na+-free media on tissue Na+ and Ca2+ contents: Figure 3 shows the time course of the cellular Na+ and Ca 21 contents of the taenia coil incubated in a normal, Na+ free sucrose or Tris solution containing 20 mM KCI, and a normal medium without KCI. The cellular Na+ content was greatly reduced by exposure to the sucrose or Tris solution over a period of time. The Na+ content was in creased in the normal solution with 20 mM KCI as compared with that in the normal medium without KCI (Fig. 3A) . Meanwhile, the cellular Ca2+ content of the taenia coil gradually increased during the exposure to the sucrose solution containing 20 mM KCI. After an 80 min exposure to the sucrose medium, tissues contained approximately twice the Ca2+ content of the non-treated tissue, which was incubated for 20 min in the normal solution without 20 mM KCI (Fig.  3B) . The Ca2+ content of the taenia coli tended to decrease at 20 and 40 min (not statistically significant) in the Nat-free, Tris solution, compared with that of the control. However, significant differences were observed between the Ca2+ contents of the tissues treated with the sucrose and Tris solutions. There was no significant difference in the Ca2" contents between the tissues treated with the sucrose and Tris solutions for 80 min (Fig. 3B) .
Effect of Na+-free, sucrose solution on the 'quick -release" response: Figure 4 represents typical recordings of effects of sucrose substitution for Na+ on the quick-release responses during K+-induced contractions in the taenia coil of guinea pigs. Application of the quick release to the tissues precontracted for 80 min with the normal and sucrose solutions with 20 mM KCI resulted in the tension recovery by 19.6+1.3% (n=5) and 10.7±2.8% (n=5) of the released response, respectively (P<0.05). When the muscle was restretched, the tension returned to the level similar to that before the application of quick release. Fig. 5 . After the muscle was con tracted for 60 min with 20 mM KCI, a glucose free solution was applied for an additional 120 min. Mechanical responses were isoton ically recorded by means of a lever loaded with 1 g. Under these conditions, the glucose-free normal solution relaxed the muscle by 40 to 120% in three out of six preparations (Fig.  5) . However, the other three preparations were not relaxed. The Na+-free Tris solution did not inhibit the relaxation induced by the glucose depletion for 2 hr (133.4±54.2, n=3). Under a resting tension of 2 g, all the pre parations were completely relaxed by glucose removal (data not shown). The sucrose solution completely inhibited the relaxation due to glucose-removal under a resting tension of either 1 g or 2 g. Fig. 4 . Typical recordings of effects of sucrose substitution for Na+ on the "quick-release" responses during K+-induced contractions in the guinea-pig taenia coll. The tissues were contracted by solutions containing 20 mM KCI for 80 min before the quick release (qr) was applied. The muscle length was rapidly reduced by 4%. The tension was recorded over the next 15 sec and then the strip was restretched to the level before the release. It seemed to be significant to measure the tissue Cat} and Na+ contents from two points of view. First, there is a possibility that Na+ may regulate the responsiveness of smooth muscle through modulating the intracellular Ca2+ movements of the muscle cells (1, 2) . Secondly, many non-specific smooth muscle relaxants may exert their actions by lowering intracellular Ca 21 concentration (6, (11) (12) (13) (14) . The results from the present experiments showed that the Na+ content of the isolated taenia coli of guinea pigs was rapidly reduced to about 15-20% of the control value after a 20 min incubation in a 20 mM KCI, Na+-free sucrose or Tris solution. Brading et al. (15) have reported that Na+-substitution by sucrose, Tris and Li+ without high K+ leads to a greatly reduced cellular Na+ within 30 min. The decrease in tissue Na+ content does not seem to be responsible for reduced activity of the relaxants in the 20 mM KCI, Na+-free sucrose or Tris solution (Fig. 3A) . Different behaviors of tissue Ca2+ contents during treatment with Na+-free sucrose and Tris solutions were observed. However, it was not possible to directly correlate the change in the Ca2+ contents with the marked differences in relaxing activities of D 600, papaverine and KCN since there was no significant difference between the Ca 21 contents of tissues treated with the sucrose and Tris solutions for 80 min (Fig. 3B) . This result may indicate that the cellular Ca2+ content, measured in the present experiments, does not represent the cellular free Ca2+ concentration.
Since the effects of the relaxants on sustained contractures were markedly reduced in a Na+-free sucrose solution but not in a Tris solution, the relaxant mechanism of the taenia coli might be impaired irreversibly by the Na+-free sucrose solution. However, this possibility may be ruled out by the fact that replacement of the sucrose solution with normal solution almost completely relaxed the contraction, although the rate of relaxation was slower than that of the contraction induced in normal solution (J. Kawagoe, unpublished observation).
mimics metabolic inhibitors such as anoxia, KCN (20) and amytal (21) . The effect of D 600 (10-5 M) was greatly reduced only at 80 min after the treatment with the sucrose solution. This result suggests that the KCI induced contraction in the sucrose solution may be due to Ca2+ influx via D 600-sensitive Ca 21 channels at the early phase, but due to Ca2+ influx via D 600-insensitive pathways and/or impaired Ca2+ removal from the cytoplasm at the later phase. The rank order of relaxing potencies was D 600>_ papaverine >KCN during sustained contractures in a Na+-free sucrose solution (Fig. 2) . These results indicate that the relaxing effect of KCN may be much more sensitive to sucrose substitution compared with those of D 600 and papaverine. A possibility that calcium mobilizing pathways for K+-contracture would be altered in Na+-free media has been discussed in the rabbit ear artery (22) , guinea pig mesenteric artery (23) and rat portal vein (24) .
We have no precise evidence concerning the mechanisms of the greater reduction of the relaxing effects of the spasmolytics in a Na+-free sucrose solution. The spasmolytics used in the present experiments are thought to influence dynamic processes of Ca 21 movements such as Ca2+ fluxes and intracel lular sequestration of Ca2+. Meanwhile, sustained contraction induced by KCI in a Nat-free sucrose solution may be associated with a reduced active state, as suggested from the quick-release and glucose-depletion ex periments. Therefore, a most likely explanation of our results is that this different active state and altered Ca2+ mobilizing pathways might be responsible at least for a marked reduction of the effects of D 600, papaverine and KCN in a Na+-free sucrose solution.
